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1.0  INTRODUCTION 

Wind  tunnel  tests  were  conducted  using  0.05-scale  models  of  the  A-7D  and  F-4C 
aircraft  with  300-gal  fuel  tank,  M-117GP  and  BLU-1C/B  bombs,  and  AGM-62/A  Walleye 
external  stores  to  obtain  aerodynamic  force  and  moment  data  on  the  stores  in  the  carriage 
position.  Interference  effects  caused  by  adjacent  stores  and  store  nose  geometrical  variations 
were  investigated  for  various  positions  of  the  stores  on  the  pylons  and  multiple  ejector 
racks  (MER).  Data  were  obtained  at  Mach  numbers  from  0.5  to  2.0,  aircraft  angles  of 
attack  from  4  to  12  deg,  and  yaw  angles  from  -8  to  8  deg.  In  addition  to  the  external 
store  data  obtained  on  both  models,  aerodynamic  force  and  moment  data  were  obtained 
on  the  A-7D  aircraft  model. 

A  description  of  the  test,  along  with  information  to  identify  test  configurations  and 
test  conditions  for  all  data  acquired,  is  included  herein.  Only  selected  data  are  presented 
to  show  the  magnitudes  and  some  typical  variations  of  the  force  and  moment  coefficients 
for  stores  in  the  flow  field  of  the  A-7D  aircraft. 

2.0  APPARATUS 


2.1  TEST  FACILITY 

The  Aerodynamic  Wind  Tunnel  (4T)  is  a  closed-loop,  continuous  flow,  variable  density 
tunnel  in  which  the  Mach  number  can  be  varied  from  0.1  to  1.3.  Also,  nozzle  blanks 
can  be  installed  to  give  nominal  Mach  numbers  of  1.6  and  2.0.  At  all  Mach  numbers, 
the  stagnation  pressure  can  be  varied  from  300  to  3700  psfa.  The  test  section  is  4  ft 
square  and  12.5  ft  long  with  perforated,  variable  porosity  (0.5-  to  10-percent  open)  walls. 
It  is  completely  enclosed  in  a  plenum  chamber  from  which  the  air  can  be  evacuated, 
allowing  part  of  the  tunnel  airflow  to  be  removed  through  the  perforated  walls  of  the 
test  section.  A  more  complete  description  of  the  test  facility  can  be  found  in  the  Test 
Facilities  Handbook.1 

The  tunnel  support  system  for  the  models  consists  of  a  pitch  sector  strut  and  sting 
attachment  which  has  a  pitch  capability  of  -12  to  28  deg  with  respect  to  the  tunnel 
centerline  and  a  roll  capability  of  -180  to  180  deg  with  respect  to  the  sting  centerline. 
A  schematic  of  the  test  section  showing  the  location  of  the  models  is  presented  in  Fig. 
1. 


iTest  Facilities  Handbook  (Ninth  Edition).  "Propulsion  Wind  Tunnel  Facility,  Vol.  4."  Arnold 
Engineering  Development  Center,  July  1971. 
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2.2  TEST  ARTICLES 

The  test  articles  were  0.05-scale  models  of  the  A-7D  aircraft,  F-4C  aircraft,  300-gal 
fuel  tank,  M-117GP  bomb,  BLU-1C/B  finned  firebomb,  and  AGM-62A  Walleye  guided 
bomb.  Dimensional  sketches  of  the  A-7D  and  F-4C  models  are  shown  in  Figs.  2  and  3. 
The  horizontal  tail  settings  of  the  A-7D  and  F-4C  were  both  at  -5  deg  incidence,  with 
respect  to  the  model  waterline,  during  testing.  The  wing  root  chord  of  the  A-7D  and 
F-4C  have  -1 .0  and  1 .0  deg  incidence,  respectively,  with  respect  to  the  waterline.  All  tests 
were  conducted  with  forced  boundary-layer  transition  on  the  aircraft  models. 

Details  and  dimensions  of  the  A-7D  and  F-4C  pylons  are  shown  in  Figs.  4  and  5, 
respectively.  The  inboard  and  outboard  F-4C  pylons  had  provisions  for  shifting  the  store 
±12  in.  full  scale  relative  to  the  standard  carriage  position. 

Two  MER-model  geometries  were  used  during  testing.  The  instrumented  MER/10/N, 
shown  in  Fig.  6,  was  used  at  pylon  stations  where  store  aerodynamic  data  were  taken, 
and  the  noninstrumented  MER,  shown  in  Fig.  7,  was  used  at  stations  where  only  dummy 
models  were  required. 

Details  and  dimensions  of  the  external  stores  used  during  the  test  are  shown  in  Figs. 
8  through  13.  Also  shown  in  Figs.  8  and  9  are  the  nose  bluntness  adaptors  used  on  the 
M-117GP  and  the  300-gal  fuel  tank,  respectively.  Figures  14  and  15  show  installation 
schematics  of  the  instrumented  M-117  on  the  MER  and  the  300-gal  fuel  tank  on  the 
pylon,  respectively.  Figure  16  is  a  photograph  showing  the  F-4C  aircraft  installation.  The 
orientation  and  numbering  of  the  MER  store  stations  are  shown  in  Fig.  17. 

2.3  INSTRUMENTATION 

Six  5-component  and  one  6-component  internal  strain-gage  balances  of  different  load 
capacities  were  used  to  obtain  force  and  moment  data  on  the  external  stores.  A 
6-component  strain-gage  balance  was  used  to  obtain  similar  data  on  the  A-7D  model.  Base 
pressure  measurements  were  obtained  with  a  pressure  transducer  connected  to  one  orifice 
located  in  the  balance  cavity  of  the  A-7D  model. 

The  A-7D  and  store  models  with  balances  were  instrumented  with  individual  fouling 
circuits  to  detect  any  contact  with  adjacent  stores,  racks,  or  support  stings.  The  F-4C 
aircraft  model  angle  of  attack  was  set  using  an  absolute  angle-of-attack  indicator  located 
in  the  nose  of  the  fuselage. 
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3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

Force  and  moment  data  were  obtained  on  the  various  store  configurations  at  discreet 
Mach  numbers  of  0.5,  0.7,  0.9,  1.05,  1.2,  1.6,  and  2.0.  Tunnel  stagnation  pressures  ranged 
from  3000  psfa  at  =  0.5  to  1400  psfa  at  M„  =  2.0,  and  the  total  temperature  varied 
from  90°  to  120°F.  The  test  section  wall  porosity  was  varied  with  free-stream  Mach  number 
in  order  to  achieve  the  minimum  lift  interference  while  reducing  blockage  effects.  The 
tunnel  conditions  were  held  constant  at  the  prescribed  Mach  number  while  the  angle  of 
attack  was  varied  from  -4  to  12  deg  in  2-deg  increments. 

3.2  CORRECTIONS 

Balance  and  sting  deflections  caused  by  aerodynamic  loads  on  the  store  and  aircraft 
models  were  accounted  for  in  the  data  reduction  program  to  determine  the  true  angle 
of  attack.  Store  model  weight  tare  corrections  were  made  to  calculate  net  aerodynamic 
forces  on  the  models.  Weight  tare  corrections  for  the  A-7D  model  were  determined  only 
for  Configurations  1,  3,  and  29.  The  remaining  A-7D  configurations  were  tested  with 
Configuration  1  tare  corrections.  A  base  pressure  drag  correction  was  made  for  the  A-7D 
model  to  obtain  forebody  aerodynamic  coefficients. 

To  determine  wind  tunnel  flow  angularity,  the  A-7D  model  was  run  in  both  upright 
and  inverted  positions.  A  flow  angle  deviation  that  varied  with  Mach  number  was 
determined.  All  data  were  corrected  for  this  flow  angularity,  which  varied  from  0.27  deg 
upwash  at  Mach  number  0.5  to  0.15  deg  upwash  at  Mach  number  2.0. 

3.3  PRECISION  OF  MEASUREMENTS 

The  precision  of  the  data  which  can  be  attributed  to  the  inaccuracies  in  balance 
measurements  and  in  setting  tunnel  conditions  was  determined  for  a  confidence  level  of 
95  percent  and  is  presented  below  for  the  set  of  conditions  that  produced  the  largest 
errors.  The  uncertainty  in  Mach  number  is  within  ±0.005,  and  the  uncertainty  in  angle 
of  attack  is  within  ±0.1  deg. 


acn 

ACm 

ACy 

ACn 

ACa 

ACfi 

A-7D 

±0.0068 

±0.0033 

±0.0046 

±0.0011 

±0.0021 

±0.00045 

300-gal  fuel  tank 
or  AGM-62/A 

±0.048 

±0.097 

±0.018 

±0.036 

±0.024 

±0.015 

M-117GP  or 
BLU-1C/B 

±0.012 

±0.020 

±0.011 

±0.016 

±0.09 
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4.0  TEST  RESULTS 

The  large  volume  of  data  obtained  during  the  test  precludes  a  complete  analysis  of 
all  test  results  at  this  time.  Since  obtaining  the  store  loads  data  was  the  primary  objective 
of  the  test  (obtaining  A-7D  aircraft  loads  was  a  secondary  objective),  some  data  are 
presented  to  show  the  magnitude  and  variations  of  the  store  aerodynamic  coefficients 
for  various  configurations.  Information  pertaining  to  all  test  data  obtained  is  discussed 
in  Section  4.1.  Selected  store  loads  data  are  presented  in  Figs.  18  and  19  and  are  discussed 
in  Section  4.2. 

4.1  SUMMARY  OF  TEST  DATA  INFORMATION 

Information  pertaining  to  data  obtained  during  the  test  is  presented  in  Tables  1 
through  3.  Aircraft  and  store  reference  dimensions  used  in  the  coefficient  data  reduction 
are  shown  in  Table  1.  A  listing  of  all  acquired  data  as  a  function  of  test  configuration 
and  test  conditions  with  test  run  identification  number  (part  number)  is  presented  in  Table 
2  for  the  A-7D  aircraft  and  in  Table  3  for  the  F-4C  aircraft. 

Force  and  moment  coefficient  data  were  measured  on  the  M-117GP,  BLU-1C/B, 
300-gal  fuel  tank,  and  AGM-62/A  Walleye  on  the  A-7D  and  F-4C  aircraft  at  the  fuselage 
centerline  and  wing  pylon  stations.  Aerodynamic  load  measurements  were  made  on  the 
BLU-1C/B  and  M-l  17GP  stores  on  various  MER  stations  and  on  the  300-gal  fuel  tank  and 
AGM-62/A  Walleye  on  the  wing  pylons.  Load  measurements  were  made  on  the  M-117GP 
and  300-gal  fuel  tank  with  the  standard,  ogive,  and  hemispherical  nose  shapes.  In  addition, 
data  were  taken  with  the  300-gal  fuel  tank  and  the  AGM-62/A  Walleye  shifted  12  in.  full 
scale  both  forward  and  aft  with  respect  to  the  standard  carriage  position  on  the  F-4C 
inboard  and  outboard  wing  pylons. 

4.2  STORE  LOADS  DATA 

Figures  18  and  19  show  the  effect  of  A-7D  and  F-4C  aircraft  angle  of  attack  and 
MER/ pylon  position  on  the  aerodynamic  coefficients  of  the  M-117GP  store  for  each  MER 
carriage  position  at  Mach  number  0.9. 

Aerodynamic  coefficients  for  the  M-117GP  store  on  the  A-7D  aircraft  showed  the 
largest  loads  and  greatest  variation  with  angle  of  attack  for  the  stores  mounted  on  the 
forward  shoulder  stations  of  the  MER  (stations  4  and  6).  In  general,  loads  were  slightly 
greater  when  the  MER  was  on  the  outboard  or  center  wing  pylon  than  when  it  was  on  the 
inboard  wing  or  fuselage  center  pylon. 
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For  the  M-l  J7GP  on  the  F-4C  aircraft,  the  largest  loads  were  encountered  by  the 
stores  on  the  forward  center  and  outboard  shoulder  stations  of  the  MER  (stations  2  and 
6)  with  the  MER  on  the  wing  pylons.  The  variation  of  loads  with  angle  of  attack  was 
generally  less  for  stores  on  the  fuselage  centerline  than  for  those  on  the  wing  pylons. 
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typical  perforated  wall  cross  section  all  dimensions  and  tunnel 

STATIONS  IN  INCHES 


0.0  36.0  883  90.5  IS0.0 

F-4C  A -70 

Figure  1.  Schematic  of  tunnel  test  section  showing  model  location. 
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BL  Q  000 


(  BL  =  0.000) 

Figure  2.  Sketch  of  the  A-7D  aircraft  model. 
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W  L  0.0  C  Ref.) 


FWD  30-  IN.  SUSPENSION  POINT 
FWD  14 -IN.  SUSPENSION  POINT 


Figure  4.  Details  and  Dimensions  of  the  A-7D  aircraft  model  pylons. 
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FS  16.03 
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CENTER  PYLON 


ALL  DIMENSIONS  IN  INCHES 


Figure  5.  Details  and  dimensions  of  the  F-4C  aircraft  model  pylons. 
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NOTE: 


f 

0.7,30 


SECTION  A'A 


SEE  FIG.  14 
FOR  LOCATION  OF 
MER  ON  A-7D  AND 
F-4C  PYLONS. 


Figure  6.  Details  and  dimensions  of  the  A-7D  and  F-4C  aircraft  instrumented  MER  model 


SECTION  B-B 


Figure  7.  Details  and  dimensions  of  the  A-7D  and  F-4C  aircraft  dummy  MER  model. 


00 


OF  STORE  ON  MER  RACK 


Figure  8.  Details  and  dimensions  of  the  M-117GP  model  with  various  nose  geometries. 
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MS0.060 


ALL  DIMENSIONS  AND  MODEL 
STATIONS  IN  INCHES 


NOTE 1  SEE  FIG.  15  FOR  LOCATION 
OF  STORE  ON  A-7D  AND 
F-4C  PYLONS 


Figure  9.  Details  and  dimensions  of  the  300-gal  fuel  tank  with  various  nose  geometries. 
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Figure  10.  Details  and  dimensions  of  the  AGM-62/A  Walleye  model. 
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ALL  DIMENSIONS  IN  INCHES 


Figure  12.  Details  and  dimensions  of  the  MK-82GP  model. 


Figure  13.  Details  and  dimensions  of  the  M-117  retarded  model. 
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F-  4C 

INBOARO 
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CENTER 
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3.673 

OUTBOARO 

2.323 

2.47B 

Figure  14.  Mounting  details  of  the  instrumented  M-117GP  MER-carriage  store. 
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Figure  16.  Tunnel  installation  photograph  showing  F-4C  aircraft  and  M-117GP  store  models. 
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UPSTREAM 
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MER 


NOTE'  The  square  indicates  the  orientation  of  the 
suspension  lugs 


Figure  17.  Schematic  of  the  MER  store  stations  and  orientations. 
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b.  MER  Station  2 
Figure  18.  Continued. 
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d.  MER  Station  4 
Figure  18.  Continued. 
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f.  MER  Station  6 
Figure  18.  Concluded. 
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b.  MER  Station  2 
Figure  19.  Continued. 
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d.  MER  Station  4 
Figure  19.  Continued. 
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f.  MER  Station  6 
Figure  19.  Concluded. 
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Table  1.  Aircraft/Store  Reference  Dimensions 


Aircraft /Store 

b 

c 

s 

Xcg 

Ab 

A-7D 

23.238 

6.504 

0.9375 

* 

0.02014 

300 -gal  Fuel  Tank 

1.325 

1.325 

0.009575 

4.775 

— 

AGM-62/A 

0.750 

0.750 

0.003068 

3.3750 

— 

M-117GP 

0.806 

0.806 

0.003548 

1.5450 

— 

BLU-1C/B 

0.925 

0.925 

0.004667 

3.2250 

— 

♦Model  Station  22.968 
Waterline  5.000 

Buttock  Line  0.000 


Table  2.  Identification  of  Test  Configurations  and  Test  Conditions  for  the  A-7D  Aircraft 


NOTE'  a  .  -4  TO  12  DEG  FOR 
ALL  MACH  NUMGERS 

•  INSTRUMENTED  STORE  NOTE:  AB0VE  NUMBERS  IN  COLUMNS 

O  DUMMY  STORE  ARE  TEST  RUN  IDENTIFICATION 

SUPERSCRIPT  -  MER  STATION  LOCATION  NUMBERS 

SUBSCRIPT - PYLON  STATION 
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Table  2.  Continued 


-u 

K) 


NOTE-  a  •  -4  TO  12  DEG  FOR 
ALL  MACH  NUMBERS 

•  INSTRUMENTED  STORE  NOTE:  ABOVE  NUMBERS  .  IN  COLUMNS 

O  DUMMY  STORE  ARE  TEST  RUN  IDENTIFICATION 

SUPERSCRIPT  -  MER  STATION  LOCATION  NUMBERS 

SUBSCRIPT - PYLON  STATION 
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Table  2.  Continued 


-&- 

u> 


NOTE!  a  •  -4  TO  12  DEG  FOR 
AU.  MACH  NUMBERS 

•  INSTRUMENTED  STORE  NOTE:  ABOVE  NUMBERS  IN  COLUMNS 

O  DUMMY  STORE  ARE  TEST  RUN  IDENTIFICATION 

SUPERSCRIPT  -MER  STATION  LOCATION  NUMBERS 

SUBSCRIPT - PYLON  STATION 


AEDC-TR -74-29 


Table  2.  Continued 


-u 


NOTE  >  a  rn  .4  to  12  DEO  FOR 
ALL  MACH  NUMBERS 

•  INSTRUMENTED  STORE 
O  DUMMY  STORE 

SUPERSCRIPT  -  MER  STATION  LOCATION 
SUBSCRIPT - PYLON  STATION 


NOTE:  ABOVE  NUMBERS  IN  COLUMNS 

ARE  TEST  RUN  IDENTIFICATION 
NUMBERS 
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Table  2.  Concluded 


NOTE'  a  .  -4  TO  12  DEG  FOR 
ALU  MACH  NUMBERS 

•  INSTRUMENTED  STORE 
O  DUMMY  STORE 


SUPERSCRIPT  —  MER  STATION  LOCATION 
SUBSCRIPT - PYLON  STATION 


NOTE:  ABOVE  NUMBERS  IN  COLUMNS 

ARE  TEST  RUN  IDENTIFICATION 
NUMBERS 
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Table  3.  Identification  of  Test  Configurations  and  Test  Conditions  for  the  F-4C  Aircraft 


NOTE.-  a  «-4  TO  12  DEC  FOR 
ALL  MACH  NUMBERS 
•  INSTRUMENTED  STORE 
O  OUMMY  STORE 

SUPERSCRIPT  -  MER  STATION  LOCATION 
SUBSCRIPT  - PYLON  STATION 


NOTE:  ABOVE  NUMBERS  IN  COLUMNS 
ARE  TEST  RUN  IDENTIFICATION 
NUMBERS 
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Table  3.  Continued 


NOTE;  a  .-4  TO  IZ  DEO  FOR 
ALL  MACH  NUMBERS 
•  INSTRUMENTED  STORE 
O  DUMMY  STORE 

SUPERSCRIPT  -  MER  STATION  LOCATION 
SUBSCRIPT  - PYLON  STATION 


NOTE:  ABOVE  NUMBERS  IN  COLUMNS 
ARE  TEST  RUN  IDENTIFICATION 
NUMBERS 


Table  3.  Continued 


-Ft 

00 


NOTE:  O  ..4  TO  12  DEO  FOR 
ALL  MACH  NUMBERS 
•  INSTRUMENTED  STORE 
O  DUMMY  STORE 

SUPERSCRIPT  -  MER  STATION  LOCATION 
SUBSCRIPT  - PYLON  STATION 


NOTE:  ABOVE  NUMBERS  IN  COLUMNS 
ARE  TEST  RUN  IDENTIFICATION 
NUMBERS 
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Table  3.  Concluded 


4*. 

VO 


NOTE:  Q  ■  -  4  TO  12  OEG  FOR 

ALL  MACH  NUMBERS 
•  INSTRUMENTED  STORE 
O  DUMMY  STORE 

SUPERSCRIPT  -  MER  STATION  LOCATION 
SUBSCRIPT  - PYLON  STATION 


NOTE:  ABOVE  NUMBERS  IN  COLUMNS 
ARE  TEST  RUN  IDENTIFICATION 
NUMBERS 
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NOMENCLATURE 

Ab  Aircraft  base  area,  ft2 

AFT  Aft  longitudinal  shift  of  store  relative  to  standard  carriage  position  on  pylon 
(12  in.  full  scale) 

BA  1  Store  nose  bluntness  adaptor,  ogive  shape 

BA2  Store  nose  bluntness  adaptor,  hemispherical  shape 

BLU  BLU-1C/B  finned  fire  bomb 

b  Store  model  reference  dimension,  in.,  model  scale 

Cm  Pitching-moment  coefficient  (referenced  to  the  store  eg)  measured  in  the  store 
body  axis  system,  pitching  moment/q.Sc.  The  positive  pitching-moment  vector 
is  coincident  with  the  positive  YB  axis 

Cm  Normal-force  coefficient  measured  in  the  store  body  axis  system,  normal 

force/q^S,  positive  in  the  negative  ZB  direction 

C„  Yawing-moment  coefficient  (referenced  to  store  eg)  measured  in  the  store  body 

axis  system,  yawing  moment/qjsb.  The  positive  yawing-moment  vector  is 
coincident  with  the  positive  ZB  axis 

Cy  Side-force  coefficient  measured  in  the  store  body  axis  system,  side  force/qJS, 
positive  in  the  positive  YB  direction 

c  Aircraft  model  reference  dimension,  in.,  model  scale 

FWD  Forward  longitudinal  shift  of  store  relative  to  standard  carriage  position  on 
pylon  (12  in.  full  scale) 

IS  Instrumented  store  with  balance 

M-l  17  M-l  17GP  bomb  with  MAU-103A/B  tail  fins 

M-l  1 7R  M-l  1 7  retarded  bomb 

ML,  Free-stream  Mach  number 

MER  MERTON  multiple  ejector  rack 

MK-82  MK-82LDGP  bomb 
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p„  Free-stream  static  pressure,  psfa 

q„  Free-stream  dynamic  pressure,  0.7  p„  Mi,  psf 

S  Store  reference  area,  ft2 ,  model  scale 

TMER  MER  mounted  tangent  to  fuselage  (without  pylon) 

WE  AGM-62/A  Walleye  guided  bomb 

Xcg  Model  eg  location  from  nose  of  model,  in. 

I 

a  Aircraft  angle  of  attack,  angle  between  the  aircraft  waterline  and  the 

free-stream  velocity  vector,  deg  1 

\p  Aircraft  yaw  angle,  positive  nose  to  the  right,  deg 

FLIGHT  AXIS  SYSTEM  COORDINATES 
Directions 

Xp  Parallel  to  the  free-stream  wind  vector,  positive  direction  is  forward  as  seen  by 

the  pilot 

Yp  Perpendicular  to  the  Xp  and  Zp  directions,  positive  direction  is  to  the  right  as 
seen  by  the  pilot 

Zp  In  the  aircraft  plane  of  symmetry,  perpendicular  to  the  free-stream  wind  vector, 

positive  direction  is  downward 

Note:  The  flight  axis  system  origin  is  coincident  with  the  aircraft  eg  and  remains 

fixed  with  respect  to  the  parent  aircraft  during  store  separation.  The  Xp,  Yp, 
and  Zp  coordinate  axes  do  not  rotate  with  respect  to  the  initial  flight  direction 
and  attitude. 

STORE  BODY  AXIS  SYSTEM  COORDINATES 
Directions 

Xb  Parallel  to  the  store  longitudinal  axis,  positive  direction  is  upstream  in  the 
carriage  position 

Yb  Perpendicular  to  the  store  longitudinal  axis,  and  parallel  to  the  flight  axis 
system  Xp-Yp  plane,  positive  direction  is  to  the  right  looking  upstream  when 
the  store  is  at  zero  yaw  and  roll  angles 
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